To identify predictive factors and mortality of patients with influenza admitted to intensive care units (ICU) we carried out a prospective cohort study of patients hospitalized with laboratoryconfirmed influenza in adult ICUs in a network of Canadian hospitals between 2006 and 2012. There were 626 influenza-positive patients admitted to ICUs over the six influenza seasons, representing 17·9% of hospitalized influenza patients, 3·1/10 000 hospital admissions. Variability occurred in admission rate and proportion of hospital influenza patients who were admitted to ICUs (proportion range by year: 11·7-29·4%; 21·3% in the 2009-2010 pandemic). In logistic regression models ICU patients were younger during the pandemic and post-pandemic period, and more likely to be obese than hospital non-ICU patients. Influenza B accounted for 14·2% of all ICU cases and had a similar ICU admission rate as influenza A. Influenza-related mortality was 17·8% in ICU patients compared to 2·0% in non-ICU patients.
INTRODUCTION
Influenza infections occur each autumn and winter season in temperate climates, causing a range of respiratory tract symptom severity from virtually asymptomatic to critical illness. Intensive care units (ICUs) provide supportive care for the most severely affected influenza patients [1, 2] . There have been several epidemiological studies of influenza in ICU patients particularly during the 2009-2010 pandemic but few have evaluated the impact of influenza over multiple seasons [3] [4] [5] [6] [7] [8] [9] [10] . Given the year-to-year variability in frequency and severity of influenza infection, a better epidemiological assessment of influenza in ICUs is needed in order to assist clinicians to anticipate the variability and policy-makers to prepare for ICU capacity. The purpose of this report is to examine the frequency, variability, risk factors and outcome of ICU admissions in influenza patients and compare the pandemic year with pre-and post-pandemic periods. We have assessed influenza in hospitalized adults in a network of Canadian hospitals over a 6-year period.
METHODS

Surveillance network
The Canadian Nosocomial Infection Surveillance Program (CNISP) is a network of 54 acute-care hospitals from ten Canadian provinces [11, 12] . It is a partnership between the Public Health Agency of Canada (PHAC) and a group of hospital-based Infection Prevention and Control (IPC) specialists, the Canadian Hospital Epidemiology Committee (CHEC) who carry out surveillance for healthcareassociated infections within their facilities. As part of the response to the 2002-2003 SARS pandemic PHAC asked CNISP to establish a respiratory tract infection surveillance programme in network hospitals. CNISP began surveillance for influenza in adults admitted to network hospitals in 2006, as previously described [11, 13] . Clinical practice guidelines recommend testing for influenza in adults admitted to hospital with fever and respiratory symptoms, including community-acquired pneumonia [14] . Surveillance for influenza in adults in participating hospitals is considered to be within the mandate of hospital infection prevention and control programmes and therefore does not constitute human research.
Surveillance period
From 2006 to 2008, CNISP conducted surveillance of laboratory-confirmed influenza in hospitalized inpatients aged 516 years during the traditional influenza season (November-June). Following the emergence of the pH1N1 influenza virus in 2009, the programme was expanded to year-round surveillance, which continued into the 2010-2011 season. During the 2011-2012 season, the surveillance period returned to the traditional influenza season (November-June).
Case definition
A case patient was defined as any inpatient aged 516 years with a positive influenza laboratory test result from a specimen collected during the surveillance period who was admitted to an ICU in a participating hospital. Testing by virus culture, antigen detection or nucleic acid testing was performed in accredited laboratories according to national standards [15] .
Case finding
Cases were identified by trained infection control practitioners who identified hospitalized influenza patients at the point of initial positive test. Detailed standardized patient questionnaires were completed for each case and included patients' laboratory information, patients' demographic characteristics, and influenza risk factors and comorbidities. Risk factor and comorbidity data were defined on the basis of diagnoses present within the medical record. Patients were reviewed at 30 days following initial positive test to determine antiviral treatment, whether ICU admission had occurred, and clinical outcome. Records of patients who died within 30 days of their initial positive test result were reviewed by a participating physician to determine whether the death was directly related, indirectly related or unrelated to influenza. Data for underlying medical conditions were not available for the 2008-2009 season. Community vs. hospital acquisition of influenza was determined by standard definition [11] .
Data analysis
ICU admission rates were calculated using cases who were admitted to an ICU in a participating hospital divided by the number of patient admissions (influenza and non-influenza) in participating hospitals during the surveillance period. To assess admission trends, three time periods were constructed: pre-pandemic Age was stratified in two groups, 465 years and >65 years. For each of the three periods, separate contingency tables between ICU admission and each of the patient's and clinical characteristic variables were tested by Fisher's two-sided exact test at the 5% significance level; Wilcoxon's rank sum test was used for continuous variables. The Cochran-Armitage test was used to assess the significance of trend for admission rates in the three different periods. To examine the relationship between ICU admission and patient's and clinical variables simple and multivariable logistic regression models were fit for the pandemic and post-pandemic periods. Final adjusted multivariable logistic regression models were selected by stepwise backward elimination using a cut-off of 0·35 in order to include biologically plausible predictors which otherwise would have been excluded if a lower cut-off was used. There was no multivariable model for the pre-pandemic period due to insufficient data in ICUs. A univariate logistic regression model was fit to assess death due to influenza in ICU patients with each of the possible patient's and clinical predictors. Individuals with missing data in any of the logistic regression models were censored in the analysis. All statistical analyses were performed using SAS Enterprise Guide 5·1 (SAS Institute Inc., USA).
RESULTS
In the six study years there were 626 adult patients with virologically confirmed influenza admitted to an ICU in a participating hospital, ranging from 97 cases in the pre-pandemic period to 404 in the pandemic year; 78·0% of ICU-admitted patients also required mechanical ventilation. ICU cases represented 17·9% of all patients admitted to hospital with influenza (range by year 11·7% in 2006-2007 to 29·4% in [2008] [2009] and from a low of 6·5% in the post-pandemic period to a high of 21·3% in the pandemic period; Fig. 1 ). Overall ICU admission rate was 3·1/10 000 hospital admissions ranging from 1·7/ 10 000 in the post-pandemic period to 4·1/10 000 in the pandemic period and by year from 1·7/10 000 (2006-2007) to 4·7/10 000 (2009-2010). There was a significant trend across the three different periods in the ICU admission rate (P = 0·01). Influenza B was identified in 89 (14·2%) cases. Table 1 compares characteristics of hospitalized ICU and non-ICU influenza patients based on the three different periods. Univariate analysis revealed no differences between the age groups in ICU and non-ICU patients during the pre-pandemic period. In the pandemic period, ICU patients were younger (median 52, min 16, max 97 years), more likely to be infected with influenza acquired in the community, suffer from cardiac disease and/or obesity. In the post-pandemic period, ICU patients were also younger (median 62, min 18, max 97 years), more likely to be male and suffer from a pulmonary/chronic lung disease. The proportion of patients suffering from a chronic illness in general was similar for ICU and non-ICU groups in both the pre-pandemic and pandemic period but different in post-pandemic. In all periods, ICU patients had a higher proportion of 30-day all-cause mortality (ranging from 20·9% to 27·8% in ICU vs. 2·6% to 4·2% in non-ICU, P < 0·0001), and were more likely to be treated with antiviral therapy than non-ICU patients (P < 0·005 in all three different periods). Vaccination rate for ICU patients was low, ranging from 62·1% (pre-pandemic) to 26·4% (pandemic) ( Table 1) . Influenza mortality was 17·8% in ICU patients compared to 2·0% in non-ICU patients and did not significantly differ between influenza A and B. Table 2 provides the unadjusted estimates of risk factors for ICU admission. In the pre-pandemic period, no risk factors were found to be significant. In the pandemic period, the older age group had reduced risk of ICU admission with an odds ratio (OR) of 0·41 [95% confidence interval (CI) 0·31-1·54]; whereas community-acquired influenza (OR 2·60, 95% CI 1·69-4·00), and obesity (OR 6·20, 95% CI 3·78-10·16) were associated with higher risk of being admitted to the ICU. Cardiac disease was associated with reduced risk of being admitted to the ICU (OR 0·55, 95% CI 0·41-0·75). In the post-pandemic period, the older age group was also associated with reduced risk of being admitted to the ICU (OR 0·56, 95% CI 0·38-0·82) while male sex (OR 1·54, 95% CI 1·04-2·28) and pulmonary/chronic lung disease (OR 1·87, 95% CI 1·25-2·78) were associated with an increased risk.
For the pandemic period, the logistic regression model was adjusted for age, gender, influenza strain type, source of the pathogen and for pulmonary/ chronic lung disease (Table 3 ). This model identified that age >65 years was associated with reduced risk of ICU admission (OR 0·60, 95% CI 0·43-0·84) while obesity (OR 5·03, 95% CI 2·91-8·69) was associated with increased risk of ICU admission. During the pandemic, the OR for ICU admission of obese patients aged 465 years was 2·00 (95% CI 1·48-9·79).
For the post-pandemic period, a multivariable logistic regression model was adjusted for age, gender, source of the infection and chronic illness including pulmonary/lung disease and immunocompromised/ cancer. Once again age >65 years demonstrated a reduced risk for ICU admission (OR 0·57, 95% CI 0·37-0·87), whereas, suffering from a pulmonary/ chronic lung disease was associated with an increased risk of ICU admission (OR 2·05, 95% CI 1·35-3·11).
In Table 4 , a univariate logistic regression on the 30-day mortality revealed significance only for being admitted during the pandemic period (P = 0·001) and borderline significance for being admitted in the post-pandemic period (P = 0·0446). The corresponding unadjusted ORs were 13·37 (95% CI 2·53-41·15) and 5·57 (95% CI 1·04-29·79), respectively.
DISCUSSION
We document the large impact of influenza on ICUs, with 17·9% of all hospitalized patients requiring an ICU stay, rising to >25% in some influenza seasons. This is similar to a population-based US study by Reed et al. (excluding influenza B cases during the pandemic year) which found that 19·2% of adults hospitalized between 2005 and 2010 were admitted to an ICU [10] , although our 78% mechanical ventilation rate for ICU patients appears higher than that study. Our study found that the ICU admission rate increased during the 2009-2010 pandemic but fell below the pre-pandemic rate in the two post-pandemic seasons. Clearly, predicting the impact of influenza on ICU admissions in any given season is extremely difficult and mechanisms to manage a surge of cases should be available for every season.
In our study patients admitted to the ICU were younger than other hospitalized influenza patients, even in the two post-pandemic seasons. Other risk factors for ICU admission were variable. Obesity was the only identified ICU risk factor during the pandemic. Presence of cardiac disease was associated with reduced ICU admission risk during the pandemic but increased risk pre-pandemic. Post-pandemic, chronic pulmonary disease was identified as a risk factor. Previous studies examining ICU admission risk have primarily examined pandemic years, with few studies examining seasonal influenza, as reviewed by Mertz et al. [16] . An explanation for our finding of younger age as an ICU admission risk factor is not readily apparent. Plausibly, previous seasonal infections or more frequent seasonal vaccination in older individuals protects against disease severe enough to warrant ICU care [17] . Alternatively, the elderly Table 2 . Unadjusted ORs* in influenza infected patients admitted to the ICU † stratified by pre-pandemic, pandemic and post-pandemic periods 
ICU, Intensive care unit; OR, odds ratio; CI, confidence interval. * OR calculated by a univariate logistic regression. † Includes influenza infected individuals admitted to ICU, excludes patients already admitted to ICU prior to being infected by influenza. ‡ Pre-pandemic did not have any cases of obesity in the ICU group.
may be admitted to hospital more frequently with clinically less severe influenza or out of personal choice may be less frequently transferred for ICU care and mechanical ventilation when severe illness is present. Obesity was found to be a risk factor for severe disease during the 2009-2010 pandemic, and has been associated with seasonal influenza hospitalization and mortality but has not previously been found to be an ICU risk factor during seasonal influenza [16, [18] [19] [20] [21] [22] [23] . As reviewed by Seema & OR, Odds ratio; CI, confidence interval. * 30-day mortality due to influenza (n = 98) and non-related to influenza (n = 20).
Chaves, a number of biological mechanisms associating obesity with influenza have been postulated [24] . We did not collect data on pregnancy in ICU patients which has been identified as a risk factor for severe influenza [18, 25] . Despite the high prevalence of comorbidities in ICU patients (>85%) only one third had been vaccinated against influenza; given an average seasonal vaccine efficacy of 59%, there is clearly an opportunity to reduce the ICU burden by increasing population vaccine uptake [4, 8, 26] . There has been controversy as to whether influenza B is of the same or lesser severity compared to influenza A strains [27, 28] . Our logistic regression models found no difference supporting the findings of a recent US study [29] . We did not collect data on influenza subtypes and so cannot say whether this finding applies to all influenza A subtypes.
ICU patients with influenza had a 23·6% all-cause and 17·8% influenza-attributable 30-day mortality, compared to 2% for non-ICU patients, documenting the severe impact of disease in this group despite ICU care. Again, influenza A and B ICU patients had similar mortality. Our study did not identify cardiac disease, immunosuppression or neuromuscular disease as risk factors for mortality, which have been reported as mortality risk factors in other studies [16] . Since our mortality risk factor study examines mortality once a patient has reached an ICU, patients dying before reaching an ICU would not be included.
While this study represents the largest epidemiological survey of influenza in ICU patients to date it does have some limitations. The hospital network represents primarily large urban teaching hospitals; it is likely that patients in these hospitals differ from those in smaller community hospitals. Our study represents observational data; as in any laboratorybased passive surveillance system testing frequency and criteria for ICU admission may change over time. Comorbidity data and vaccination status were inconsistently recorded in the medical records; vaccination status was only recorded for 37·5% (n = 235) of ICU patients. Influenza A subtyping was inconsistently performed, limiting our ability to assess variation in risk factors and outcomes of subtypes.
In conclusion the proportion of patients hospitalized with influenza who require ICU care is high, although this proportion and ICU admission rates vary substantially year to year. ICU patients are younger and more likely to be obese but not otherwise distinguishable from non-ICU patients. Vaccination rate in ICU patients is very low; improving vaccine uptake represents an opportunity to reduce burden of disease in patients and ICUs. Influenza B was found to be of similar severity and outcome to influenza A (all types).
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